Nutritional status in children has been considered an indicator of health and well-being at the individual and population levels (1). Both the malnutrition prevalence and the risk for development of malnutrition have been consistently reported as high in hospitalised children (2, 3). However, this problem remains largely unrecognised by healthcare workers. Due to the likelihood of the prevention of nutrition-associated complications, such as the slowing of growth and increased susceptibility to various infections, as well as prolonged hospitalisation, early detection of the risk for malnutrition among hospitalised children has been considered essential (3, 4).
ing to the newest European Society for Parenteral and Enteral Nutrition (ESPEN) guidelines in an effort to introduce an easy to apply NRS tool to overcome some of the issues reported for previous tools, such as the fact that they were too complicated and time-consuming to use in daily clinical practice (2, 6, 7) . The STRONGkids tool is a comprehensive summary of commonly asked questions concerning nutritional issues, combined with a clinical view of the child's status; as this is performed upon admission to the hospital, it helps to raise the clinician's awareness of nutritional risks (7) .
The present study was designed to determine the prevalence of malnutrition and the effectiveness of STRONGkids NRS tool in the identification of malnutrition risk among pediatric surgical patients.
MATERIALS AND METHODS

Study population
This prospective study was conducted in a single pediatric surgery unit of a tertiary referral hospital over three consecutive months between April and July 2012. Patients who were younger than 30 days of age, admitted to the clinics other than "pediatric surgery" ward or had had another operation in the preceding 30 days were excluded. All of the remaining patients who were operated on during the given time interval were included. By definition, outpatients were those children who were admitted to the hospital for surgery but stayed for less than 24 hours.
Written informed consent was obtained from each subject or relative following a detailed explanation of the objectives and protocol of the study which was conducted in accordance with the ethical principles stated in the "Declaration of Helsinki" and approved by the institutional ethics committee.
Definition of malnutrition
Malnutrition was evaluated based on anthropometric measurements that were performed by the same ward nursing staff. WHO Anthro and AnthroPlus Programs were used for the evaluation of results (8, 9). For acute malnutrition (AM), Weight-for-Height (WFH) Z score or Body Mass Index (BMI) for age Z, scores of ≥-3 to <-2 were considered moderate malnutrition and scores of <-3 as severe malnutrition, while scores of ≥-2 denoted a lack of AM (10) . For chronic malnutrition (CM), Height-for-Age (HFA) Z scores of ≥-3 to <-2 were deemed moderate malnutrition and scores of <-3 as severe malnutrition, while scores of ≥-2 denoted a lack of CM in accordance with WHO classification (10) . Mid-upper arm circumference (MUAC) Z scores were calculated for patients aged ≤60 months only, in compliance with WHO standards.
STRONGkids nutritional risk screening tool
Risk for malnutrition was evaluated via the STRONGkids questionnaire (7), which was completed by physicians via the face to face method. STRONGkids is a malnutrition "risk assessment tool" that consists of 4 items, including subjective clinical assessment (1 point), high risk disease (2 points), nutritional intake and losses (1 point) and weight loss or poor weight gain (1 point).
Patients with STRONGkids score 0 were classified as "low risk", whereas those with a score of 1-3 were classified as "medium risk" and those with a score of 4-5 were classified as "high risk".
Statistical analysis
Statistical analysis was performed using computer software (IBM SPSS Statistics version 20.0, SPSS Inc. Chicago, IL, USA). Categorical variables were compared with the Chisquare, Fisher's exact or Mantel Haenszel tests. Continuous variables were compared with the Kruskal Wallis and Mann Whitney U tests. Data were expressed as "mean (standard deviation; SD)", minimum-maximum and percent (%) where appropriate. A p<0.05 was considered statistically significant.
RESULTS
Patient demographics and basic clinical features
A total of 494 pediatric surgical patients were included in this study. The study population was composed primarily of male patients (75.8%) with a mean age of 70.1 (SD 56.1, range 1-220) months. The percentage of patients aged ≤60 months was 51.1% while 48.9% were aged >60 months. Elective surgery was performed in 76.0% and outpatient admission was evident in 67.0% of patients. Among the inpatients, 63.8% were admitted for ≤3 days and the remaining 36.2% were admitted for over 3 days. The admission rate for those remaining in hospital for over 3 days was 11.7% when all patients were considered. Inguinoscrotal and penile diseases (50.3%) were the most common primary operative indication. Co-morbidities affecting nutritional status like chronic renal failure, swallowing dysfunction and the presence of malignancy were present in 16.4% (Table 1) . In contrast, co-morbidities not affecting nutritional status like unilateral renal agenesis, minor cardiac malformations or Familial Mediterranean Fever under medical therapy were present in 4% of cases.
Anthropometrics and Z scores
Mean BMI was 16.8 (SD 3.2, ranged 9.5-33.6) kg/m 2 and MUAC was 18.5 (SD 4.3, range 9.0-36.0) cm. in the overall population. Mean z scores for weight for age, height for age, BMI for age and weight for height were 0.3 (SD 1.6, range -5.1-9.4), 0.5 (SD 1.9, range -10.9-11.6), -0.1 (SD 1.6, range -6.7-5.9), and -0.2 (SD 1.5, ranged -6.3-4.0), respectively. The mean MUAC Z score was 0.7 (SD 1.3, range -4.9-4.6) ( Table 2 ). Anthropometrics and Z scores as well as respective distribution with regard to age groups (≤60 months and >60 months) are summarised in Table 2 .
Malnutrition prevalence
Overall, malnutrition was present in 66 (13.4%) patients (Table 3 ). The percentage of children with malnutrition was higher in patients aged ≤60 months than in those aged >60 months (16.6% vs. 10%, p=0.015). Among the patients with malnutrition, 7 (1.4%) had coexistent AM and CM.
AM was significantly more common in patients aged ≤60 months compared with patients aged >60 months (13.4 vs. 6.6%, p=0.012), but there was no significant difference between age groups in terms of prevalence of CM (Table 3) .
STRONGkids risk groups
The STRONGkids NRS tool revealed that most patients (64.2%) were in the low risk category, while 34.5% were medium risk and only 1.2% were considered high risk for malnutrition ( Table 3 ).
The relation between malnutrition type and
STRONGkids risk groups The rate of AM was determined to increase from 8.2% in patients at low risk to 33.3% in patients at high risk for malnutrition (p=0.026). CM was noted in 3.5% of patients at low risk, while it was reported in 16.7% of those at high risk (p=0.057). There was a statistically significant relationship (p=0.026) and a borderline significant trend (p=0.057) between overall future risk for malnutrition and the presence of AM and CM, respectively. There was no significant difference between risk groups in terms of the presence of malnutrition (Table 4) .
Moderate to severe acute/chronic malnutrition in relation to study parameters Moderate to severe AM and CM were determined to be more likely in the presence of gastrointestinal (26.9%, p=0.004) and inguinoscrotal/penile surgery (4.0%, p=0.031), co-morbidities affecting nutritional status (p<0.001), and in inpatient than outpatient admission (p=0.014). CM was more common in patients with a history of prematurity (corrected gestational age ≤6 months) (p=0.003) ( Table 5) .
Having MUAC Z scores of <-2 was also more likely in the presence of gastrointestinal (p=0.025) and inguinoscrotal/penile surgery (p=0.031), co-morbidities affecting nutritional status (p=0.018) and history of prematurity (p=0.014) ( Table 5) .
STRONGkids risk groups with respect to study parameters
Patients determined to be in the medium risk category for malnutrition according to the STRONGkids risk assessment tool were significantly older (100.0 months) than patients in the low (53.6 months) and high (52.7 months) risk categories (p<0.001). Mean (SD) HAZ scores were significantly lower in the high risk (-1.62 (2.15)) and moderate risk (0.07(1.70)) groups when compared to the low risk group (0.73 (1.80)) (p<0.001) ( Table 6) . With regard to patients categorised as low risk for malnutrition, outpatients were significantly more common than inpatients (89.3 vs. 10.7%, p<0.001) and elective surgery was significantly more common than emergency surgery (93.4 vs. 6.6%, p<0.001) in this group (Table 6) .
DISCUSSION
Malnutrition prevalence in pediatric surgical patients has not been sufficiently studied. The present study is unique, as it was performed in a group of Turkish pediatric surgical patients. It revealed he presence of malnutrition in 13.4% of the overall study population. AM was more common in patients aged ≤60 months. Moderate to severe AM and CM were more likely in (12) revealed the prevalence of AM (WFA <-2SD) in 1.5% and CM (HFA <-2SD) in 7.5% of children aged ≤5 years (n=396) in the general population. In another previous study performed among Turkish school children, AM and CM rates were reported to be 5.7% and 1%, respectively, in children aged 6-16 years (n=1576) (13) . Comparatively, we identified AM in 10.1% of pediatric surgical patients (13.4% in patients aged ≤5 years and 6.6% in patients aged >5 years) and CM in 4.7% (4.3% in patients aged ≤5 years and 5.0% in patients aged >5years). Identification of the higher prevalence of malnutrition among pediatric surgical patients than in the Turkish general pediatric population correlates with the statement that children who are admitted to hospital are at a higher risk of malnutrition than healthy children from the same community (2, 4, 11, 14) .
Malnutrition rates of 31.8 to 56.6% in hospitalised pediatric patients have been previously reported in our country; these rates were much higher than the prevalence of AM reported in hospitalised children in Germany, France, UK, and the USA, with results varying from 6% to 14% (10, (15) (16) (17) Accordingly, the prevalence of malnutrition in pediatric surgical patients on admission in the present study seems to be in agreement with data from developed countries, but poorer than rates reported in the Turkish general pediatric population and apparently lower than rates reported in pediatric hospitalised patients in Turkey (10, (14) (15) (16) (17) .
Malnutrition in hospitalised children has been very prevalent, especially in children with underlying disease and clinical conditions (2) . Because AM and CM were significantly more likely in the presence of co-morbidities affecting nutritional status, our findings support previous studies indicating a higher prevalence of malnutrition in children with an underlying disease (14) . In our study population, in addition to having co-morbidities affecting nutritional status, both AM and CM were determined to be more likely in the case of gastrointestinal and inguinoscrotal/penile surgery and a concomitant history of prematurity. In accordance with that, being a good indicator of the body's somatic muscle mass size, MUAC Z scores were lower in exactly the same patient groups. Given the presence of nutritional problems such as swallowing dysfunction due to esophageal stricture and achalasia as well as intestinal motility disorders, the higher likelihood of malnutrition in patients undergoing gastrointestinal surgery seems to be associated with the ongoing nutritional problems related to their primary diagnoses. In line with the consideration of preterm infants to be sensitive to changes in nutritional status with the frequent likelihood of growth failure during a hospital stay (2), malnutrition was noted to be more likely in the presence of prematurity history. On the other hand, the rela- tionship between malnutrition and inguinoscrotal/penile surgery in our patient population seems to be secondary to age rather than the underlying diagnosis. Indeed, AM as well as inguinoscrotal and penile pathologies were all more common in patients aged ≤60 months. Nutritional risk screening differs from global nutritional assessment in terms of identifying those individuals at risk of deterioration rather than those who are already malnourished. The NRS is a quick and simple process combining personal nutritional status with clinical disease information (18, 19) . To date, four non-disease-specific nutrition screening tools designed for pediatrics have been developed for use. These are the Simple Pediatric Nutrition Risk Score (PNRS), Screening Tool for the Assessment of Malnutrition in Pediatrics (STAMP), Pediatric Yorkhill Malnutrition Score (PYMS) and STRONGkids (7, (20) (21) (22) . The STRONGkids tool has been considered to be quicker to apply than PYMS and STAMP owing to the exclusion of weight and height measurements. It considers the impact of underlying diseases unlike PYMS and requires physician assessment, unlike both PYMS and STAMP which were designed for completion by nursing staff (11) . The inter-tool agreement was found to be good between STAMP, STRONGkids and PNRS in one study conducted using 46 children with inflammatory bowel disease (23) . None of these tools has been previously used in a population composed purely of pediatric surgical patients.
Although STRONGkids was developed to estimate the future risk of malnutrition in hospitalised patients, recent studies have used the tool in the outpatient setting as well (24) . The initial study was conducted nationwide in Dutch pediatric wards in 2010 (7) . It revealed that in a population with a malnutrition prevalence of 19%, STRONGkids predicted that 54% of the children were at moderate risk and 8% were at high risk of developing malnutrition. Similarly, in our pediatric surgical patients, STRONGkids predicted that 34.5% were at moderate risk and 1.2% were at high risk of developing malnutrition. The increased risk for malnutrition determined via the STRONGkids risk assessment tool was significantly associated with a higher prevalence of both AM and CM. On the other hand, no statistical difference was noted in malnutrition prevalence with respect to individual risk groups.
Our findings support data from past studies reporting a correlation between STRONGkids risk categories and HFA Z scores (3, 7, 11) . However in contrast to past studies indicating a significant correlation of STRONGkids risk scores to WFH, HFA and BMI, no correlation was noted between anthropometric measures other than HZA and risk categories in our study population (6, 25, 26) .
Indeed, the lack of a relation between STRONGkids scores and anthropometric measurements apart from HZA in our study population also seems to be consistent with the fact that the STRONGkids NRS tool provides data on the future risk of malnutrition rather than the current nutritional status (7) .
It was also reported that shorter stays at hospital were associated with the lack of a relationship between STRONGkids risk score and weight loss during hospital admission in pediatric ward patients (7) . While the STRONGkids NRS tool revealed a high risk for malnutrition in only 1.2% of pediatric surgical patients in the present study, it should be noted that the majority of our inpatients were hospitalised for 1-3 days and the length of hospital stay was >3 days only in 11.7%. Furthermore, inpatient admissions were associated with the increased likelihood of moderate to severe AM and CM compared with outpatient admissions. In accordance with that, STRONGkids assessment classified a significantly higher number of outpatients under the low risk category for future malnutrition than inpatients.
Malnutrition determined within the first 72 h of admission is most likely attributable to conditions prior to hospitalisation (27) . The majority of our patients were hospitalised for less than 3 days. Therefore, hospital-acquired malnutrition does not seem to be an essential cause of the malnutrition observed in pediatric surgical patients. Although hospital-acquired malnutrition is important and should not be neglected in hospitalised pediatric patients, pediatric surgery wards seem to refer a specific group of patients in relation to the shorter length of hospital stay and higher likelihood of outpatient follow up.
A past study conducted with hospitalised pediatric patients emphasised that undernutrition on admission in children remains unrecognised by our healthcare workers, malnourished children are still not recognised sufficiently by pediatricians and that specific nutritional support is not used systematically (28) . Especially, pediatric patients with mild malnutrition on admission were considered to be at the highest risk of adverse effect of hospitalisation and thus, this population of patients was recommended to be given special attention (28) . Therefore, future efforts in pediatric nutrition should include identifying those patients who require nutritional support, ensuring the provision of appropriate nutritional management and educating hospital staff about the identification and management of malnutrition (16) .
The use of any screening tool to identify children at risk of malnutrition can only be considered effective and reasonable if it results in early intervention and improved clinical outcomes. Much larger scale and longitudinal studies in hospitalised pediatric patients seem to be necessary to investigate whether or not malnutrition will develop in patients categorised to be at high risk for malnutrition via STRONGkids.
The principal strength of the present study is that it provides new information on the prevalence of malnutrition and risk of malnutrition in a prospectively recruited group of hospitalised Turkish pediatric surgical patients. The major limitation of this study is the representation of the cohort since it is a single-centre survey. However, it should be noted that by means of a single centre design, anthropometric measurements could be performed by the same nurse eliminating the influence of results by inter-observer variability. The second limitation seems to be the fact that the STRONGkids score does not include any objective assessment, whereas we also assessed the global nutritional statuses of the children by anthropometric examination. The third limitation of our study is the cross-sectional design with no data on the longitudinal analysis of nutritional changes over time which could limit the ability to identify whether those well-nourished patients who were classified as high risk by STRONGkids tool would have subsequently developed malnutrition.
In conclusion, the prevalence of malnutrition (13.4%) and medium or high risk for malnutrition in 35.7% as determined by the NRS tool in the present study emphasises the need to raise clinician's awareness about the importance of nutritional status assessment among pediatric surgical patients and the benefits of identifying patients at risk of nutritional depletion before malnutrition occurs. Given the shorter length of hospital stay and the likelihood of hospital admission on an outpatient basis; factors other than hospital-acquired malnutrition, such as age ≤60 months, type of surgery, co-morbidities effecting nutritional status and admitted clinical setting seem to be more effective in the prevalence and future risk of malnutrition among pediatric surgical patients. These findings support the use of an NRS tool among pediatric surgical patients to identify patients at risk for malnutrition and to increase physician's awareness about nutritional assessment among hospitalised patients on admission.
